The objective of the present study was to investigate culling guidelines for gilts and sows in Japanese commercial herds and to compare differences between culling guidelines and actual culling practices in different herd productivity groups. A questionnaire survey was undertaken to obtain information on culling guidelines in 115 commercial swine herds that participated in the PigCHAMP data-share program. The questionnaire included questions on guideline values for culling intervals and the number of conception failure occurrences that would trigger a culling decision to be made. Ninetytwo of the 115 herds (80.0%) returned appropriate data for the study and were included in the present study. In addition to questionnaire data, culling data regarding the actual culling intervals and number of reservices for gilts and sows culled during 2007 to 2008 were also obtained for the same herds from a PigCHAMP database. Culled gilts and sows were divided into 4 female groups on the basis of the stages of their reproductive life when they were culled: unmated gilts, mated gilts, unmated sows, and mated sows. Culling intervals in unmated gilts and sows were defi ned as the number of days from birth or weaning to culling, respectively, whereas in mated gilts and sows culling intervals were the number of days from last service to culling. Three herd productivity groups were formed on the basis of the upper and lower 25th percentiles of pigs weaned mated female -1 ·yr -1 : high-, intermediate-or low-performing herds. For unmated gilts and sows actual culling intervals were 15 d shorter than the guideline culling intervals in the surveyed data submitted by producers (P < 0.05). This shorter actual culling period for unmated gilts and sows did not vary signifi cantly between herd productivity groups in any parity. However, for mated gilts and sows the actual culling intervals were at least 30 d longer than the guideline culling intervals (P < 0.05). Guideline and actual culling intervals for mated gilts and sows were at least 10 d shorter in high-performing herds than in low-performing herds (P < 0.05). High-performing herds had lower proportions of sows culled after the second reservice than intermediate-or low-performing herds in parity groups 0 to 5 (P < 0.05). In conclusion, culling guidelines for mated sows differed between herd productivity groups, and culling guidelines for mated gilts and sows were not strictly followed in any herd group in the commercial herds.
INTRODUCTION
Culling guidelines, including culling decisions and timing for gilts and sows, are connected to actual culling practices and can be measured as the number of days for culling intervals and number of reservices in parity at culling. Culling intervals account for 40% or more of overall nonproductive female days, which greatly infl uence herd reproductive productivity (Dial et al., 1992; Koketsu, 2005a) . In particular, sows with reproductive problems have prolonged culling inter-vals, which negatively affect sow lifetime performance, herd productivity and profi tability (Lucia et al., 2000; Tummaruk et al., 2009) . It is important to implement strict culling guidelines to reduce culling intervals, but to date there have been no studies that have investigated and compared culling guidelines and actual culling practices in commercial swine herds.
It is necessary for producers to cull high-parity sows to maintain a stable herd age structure within the herd and also maintain herd performance (Koketsu, 2005b) . The culling of high-parity sows is generally preplanned (Engblom et al., 2007) , but a previous study reported that sows culled due to "high age" occasionally included sows culled for reproductive failure that were culled at 21 d or more after last weaning (Knauer et al., 2007) . No study has investigated the reasons for secondary culling of high-aged sows.
Culling intervals and culling risks have been reported to differ between herd productivity groups (Sasaki and Koketsu, 2010) . High-performing herds have better management than ordinary herds (King et al., 1998) , but few studies have compared the culling guidelines and actual culling practices for different herd productivity groups. Therefore, the objective of the present study was to investigate culling guidelines for gilts and sows in Japanese commercial herds by means of a questionnaire survey and to compare the culling guidelines with actual culling practice for different herd productivity groups.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained from a questionnaire survey and an existing database.
Questionnaire and Herds
In 2009, a questionnaire was sent to 115 commercial swine herds that participated in the PigCHAMP data-share program to obtain information on culling guidelines in these herds. In most of the herds, gilts and sows were mainly crossbreds (Landrace × Large White) that were originally imported from the United States or Europe and have been further improved in Japan. Replacement gilts were either home-grown crossbreds or purchased from outside breeding companies.
The questionnaire comprised questions relating to 4 basic issues: 1) the number of days from birth (gilts) or weaning (sows) to the day when the decision would be made that a gilt or sow should be culled due to representing anestrus, 2) the number of days from last service to the day when the decision would be made that a gilt or sow should be culled due to failing conception, 3) the number of reservices done before a culling decision was made, and 4) the criteria for culling a sow due to "high age." Separate answers were collected for the questions relating to (1) to (3) above for sows in 3 different parity groups: parity 1 to 3, 4 to 5, and ≥ 6. Producers were requested to select the appropriate answer from multiple choices and fi ll out their guideline values for culling on the questionnaire sheet.
Data Collection
Herd performance data recorded on PigCHAMP software (PigCHAMP, Ames, IA), such as culling intervals (days) and number of reservices for individual female pigs, herd productivity, and herd size, were obtained from an existing PigCHAMP database (Meiji University, Kawasaki, Japan). The culling data were obtained from records of gilts and sows culled in 2007 and 2008. Of 115 herds, 98 (85.2%) agreed to participate in the present study and sent back their completed questionnaires by November 2009. Two of these herds were excluded from the present study because the herds were producing only purebred pigs. In addition, 4 herds had no culling data, and they were also excluded. Therefore, 92 herds (80.0%) were included in the present study. The questionnaire data were merged with the herd performance data recorded in PigCHAMP.
Defi nitions and Categories
A gilt was defi ned as a female pig that had entered a herd but had not farrowed, and a sow was a female pig that had farrowed at least once. Gilts and sows were divided into 4 female groups based on the reproductive stage at which they were culled: unmated gilts, mated gilts, unmated sows, and mated sows. The reason for this category is that culling intervals of culled gilts and sows have been shown to vary widely depending on their reproductive life stage at time of culling (Sasaki and Koketsu, 2010) .
A mated gilt or a mated sow was a female pig that was culled after being mated. A service included 1 or more inseminations or matings within a maximum period of 10 d of estrus (PigCHAMP Reports Manual, 1996) . A mating, such as AI or natural mating, was defi ned as any single insemination or mating of a female pig during the estrus period.
Three herd productivity groups were formed on the basis of the upper and lower 25th percentiles of pigs weaned·mated female −1 ·yr −1 : namely high-, intermediate-, or low-performing herds. With regard to the number of services conducted before a decision was made to cull a female for failing conception, if the number of services was 4 or greater the females were categorized into the 3-services group. Additionally, females culled as a planned culling in parity 9 or greater were grouped into parity 8.
Culling intervals were defi ned as follows: culling intervals for unmated gilts and unmated sows were defi ned as the number of days from birth or weaning to culling; culling intervals for unmated sows were restricted to sows culled 7 d or more after weaning because the fi rst 6 d after weaning are considered as the normal weaningto-estrus interval and it would not make sense to cull in this period for the reason of anestrus (Kemp and Soede, 1996; Hoshino and Koketsu, 2008) ; culling intervals for mated gilts and mated sows were defi ned as the number of days from the fi rst mating in the last service to the time of culling.
Statistical Analysis
The unit of this epidemiological observational study was the herd. All statistical analyses were conducted with SAS software (SAS Inst. Inc., Cary, NC). A χ 2 test was used to assess the differences between herd productivity groups in the relative frequency of parity at which the planned culling of a female was decided. Comparisons of culling intervals between survey data and actual recorded culling data were separately performed by parity groups, using an analysis of covariance. The dependent variable was culling interval, and the independent variable was type of data (survey data or actual recorded culling data). Herd size was included as a covariate, and 5 regions in Japan were also included in the model. Comparisons of guideline and actual culling intervals were conducted for the 3 herd productivity groups using a generalized linear model with Tukey-Kramer multiple comparisons. Additionally, logistic regression analysis with contrasts was used to compare the proportions of female pigs culled in different herd productivity groups after second reservice and to compare any secondary reasons for culling, reasons in addition to "high age."
RESULTS
In the 92 herds that participated in the present study, mean herd size (± SEM) was 420 ± 62.0 females, ranging between 46 and 3,628 females, and pigs weaned per mated 2 The remaining herds (25 -n for high-, 43 -n for intermediate-, and 24 -n for low-performing herds) did not answer the relevant questions.
3 Guideline culling intervals for unmated gilts were the number of days from birth to the day when it was decided to cull a gilt representing anestrus, and those for unmated sows were the number of days from weaning to the day when it was decided to cull a sow representing anestrus. 4 Actual culling intervals for unmated gilts were the number of days from birth to culling, and those for unmated sows were the number of days from weaning to culling. 3 Guideline culling intervals for unmated gilts and sows were the number of days from birth or weaning to the day when it was decided to cull a gilt or a sow representing anestrus. Actual culling intervals for unmated gilts and sows were the number of days from birth to culling for unmated gilts and the number of days from weaning to culling for unmated sows, respectively. 4 Guideline culling intervals for mated gilts and sows were the number of days from last service to the day when it was decided to cull a gilt or sow failing conception. Actual culling intervals for mated gilts and sows were the number of days from the fi rst mating in the last service to culling.
a,b Values within a row without a common superscript are different (P < 0.05).
female per year was 22.2 ± 0.24 pigs. Culling intervals for unmated gilts and sows were 15.5 d and 19.0 to 27.3 d shorter than the respective guideline values (P < 0.05; Table 1 ). In contrast, the culling intervals for mated gilts and sows were longer than the guideline values (P < 0.05). Table 2 shows comparisons between the guideline and actual culling intervals for unmated gilts and sows by herd productivity groups. In all herd productivity groups, the actual culling intervals in gilts and sows were shorter than the guideline values, but there were no differences between herd productivity groups.
Mated gilts and sows also had longer actual culling intervals than the guideline culling intervals in all herd productivity groups (Table 3) . For mated gilts and sows, both the guideline culling intervals and the actual culling intervals were shorter in high-performing herds than in low-performing herds (P < 0.05). However, the difference between the guideline and actual culling intervals did not vary between herd productivity groups. Figure 1 shows the relative frequencies of the number of tri-weekly from the last service to culling in mated gilts and sows. High-performing herds culled more than 60% of females by 9 wk after the last service, whereas lowperforming herds culled only approximately 40% over the same period. In high-and intermediate-performing herds approximately 10% of gilts and sows were culled at 16 to 18 wk after last service, whereas more than 20% were culled over the same period in low-performing herds.
Relative frequencies (%) of guideline values for the number of conception failure occurrences that would trigger culling are shown in Table 4 . The relative frequencies differed between herd productivity groups in parity 0, 1 to 3, and 4 to 5 (P < 0.05). For example, high-performing herds had a greater proportion of gilts culled for conception failure at Reservice 1 than low-performing herds (32.0 vs. 8.3%). Table 5 shows comparisons between 3 herd productivity groups for the proportions of actual reservices for mated gilts and sows by number of services and parity groups. At Reservice ≥2, high-performing herds had decreased proportions of actual reservices for mated sows in parity 0, 1 to 3, and 4 to 5 than low-performing herds (P < 0.05). Especially in parity 1 to 3, high-performing herds had decreased proportions of second or later reservices for mated sows than intermediate-performing herds (P < 0.05). Table 6 shows the relative frequency (%) of the parity at which culling of sows due to "high age" was planned in the 3 herd productivity groups. Of the 92 herds, 53.3% had guidelines for the planned culling of sows at parity 7. There was no difference between herd productivity groups in the relative frequency of the parity at which culling of sows due to "high age" was planned. However, with regard to the secondary reasons for culling "high age" sows, fewer high-performing herds included "not conceived," "no heat," and "low litter size" as a secondary reason for culling at "high age" than low-performing herds (P < 0.05; Table 7 ).
DISCUSSION
This is the fi rst study to compare culling guidelines of producers and actual culling intervals for unmated and mated gilts and sows in commercial breeding herds. The present study revealed that producers at all herd productivity levels are slow to make culling decisions for mated gilts and sows, resulting in culling decisions being delayed beyond the culling guidelines. As a result, a delayed culling decision for mated gilts and sows extends culling intervals and nonproductive female days, and therefore decreases herd reproductive productivity. One of the reasons for this delay may be that producers 2 The remaining herds (25 -n for high-, 43 -n for intermediate-, and 24 -n for low-performing herds) did not answer the relevant questions.
3 Guideline culling intervals for mated gilts or sows were the number of days from last service to the day when it was decided to cull a gilt or a sow failing conception. 4 Actual culling intervals for unmated gilts and sows were the number of days from the fi rst mating in the last service to culling.
5 Difference was calculated by subtracting guideline values from actual culling intervals in each parity. a,b Values within a row without a common superscript are different (P < 0.05).
x,y Values within a column without a common superscript are different (P < 0.05).
do not detect pregnancy failure at an early stage after service. The culling guidelines for mated gilts and sows, which were 40 d for culling due to pregnancy failure, are nearly equivalent to 2 estrous cycles. However, the actual culling interval is approximately 65 d, which is equivalent to 3 estrous cycles, and indicates that the producers fail to detect conception failure within 2 estrous cycles of the last service. To decrease culling intervals, it is critical to detect female pigs with conception failure accurately and quickly.
Despite actual culling intervals for mated gilts and sows being longer than guideline values in all herd productivity groups, both the guideline and actual culling intervals were approximately 10 d shorter in high-performing herds than low-performing herds. These fi ndings confi rmed that shorter guideline values reduce actual culling intervals more in high-performing herds than in lowperforming herds. Annual replacement rates are reportedly approximately 50% across countries (Boyle et al., 1998; Rodriguez-Zas et al., 2003; Engblom et al., 2007) , so appropriate culling guidelines or policy could decrease culling intervals and nonproductive days by timely replacing nonproductive females with incoming gilts. Additionally, the fi nding in the present study that 20 to 30% of gilts and sows in low-performing herds were culled 16 to 18 wk after their last service suggests that the pregnancy or conception failure of some of these females was only detected when they were moved from a gestating barn to a farrowing barn. Such undetected females extend nonproductive female days in the herds, so it is important to confi rm sows' pregnancy status with a second pregnancy check performed at approximately 42 d after service. No culling plan 1 1.1 0 0.0 1 2.3 0 0.0 1 Three herd productivity groups formed on the basis of the upper and lower 25th percentiles of pigs weaned·mated female −1 ·yr −1 : high-performing herds (High), intermediate-performing herds (Intermediate), or low-performing herds (Low).
2 First-service, reservice 1, and reservice ≥2 is equivalent to guideline numbers of conception failure occurrences at 1, 2, and 3 or greater, respectively.
3 The relative frequencies (%) of number of services when it was decide to cull a female failing conception differed between herd productivity groups (P < 0.05).
The present study showed that more high-performing herds than low-performing herds intended to cull a female pig failing conception after the fi rst or second reservice. In particular, more than 90% of high-performing herds had culling guidelines to cull in parity ≥4 sows if they failed to conceive after the second reservice. Culling females that twice failed to conceive is in accordance with generally accepted principles of sow management (Knauer et al., 2007) , because these sows accumulate nonproductive female days, and are likely to have low fertility (Steverink et al., 1999; Takai and Koketsu, 2008; Tummaruk et al., 2010) . Thus, we rec- Table 7 . Secondary reasons (multiple answers) for sows culled at "high age" in 3 herd productivity groups 1 (proportion of herds ± SEM) Values within a row without a common superscript are different (P < 0.05).
x,y Values within a row without a common superscript are different (P = 0.07). Table 6 . Relative frequency (%) of the parity at which a culling was planned due to "high age" in 3 herd productivity groups 1 2 The remaining herds (92 -n for total, 25 -n for high-, 43 -n for intermediate-, and 24 -n for low-performing herds) did not cull more than 5 female pigs failing conception in each parity group. a,b Values within a row without a common superscript are different (P < 0.05).
ommend guidelines that a gilt or a sow should be culled if she fails to conceive after fi rst reservice. In contrast to mated gilts and sows, our results indicate that producers of all herd productivity groups culled unmated gilts and sows earlier than their guideline culling intervals. This appears to be due to the fact that producers pay more careful attention to gilts and sows exhibiting anestrus than to those that have already been mated. Typically, matured gilts and weaned sows are checked for estrus once or twice a day until being mated (Pitcher and Springer, 1997) . The principal goal of commercial breeding herds is to con sistently meet the breeding targets of a group in the production schedule, so an increased number of weaned sows or replacement gilts showing anestrus results in a fail to meet breeding targets and an increase in nonproductive female days (Patterson et al., 2010) . Before deciding to cull anestrus gilts and sows, another option is to administer PG 600 to induce estrus in gilts and sows that show no sign of estrus. If they still fail to show estrus, then, it is recommended that these gilts and sows are culled because they are accumulating nonproductive days.
The lack of any differences between herd productivity groups in the relative frequency of parity group at which culling of sows was planned suggests that the number of parity for planned culling may not be related to herd productivity. Such a fi nding is consistent with our earlier study that reported no differences between herd productivity groups in the parity that sows were culled due to reason of high parity (Sasaki and Koketsu, 2011) . Rather, it appears that an earlier culling decision decreases the culling interval and nonproductive female days and so is more effective at increasing herd productivity than the number of parity for planned culling Koketsu, 2008, 2010) .
The large variation between herd productivity groups in the type of secondary reasons for culled sows at "high age" suggests that records of culling reasons in high aged sows have been misclassifi ed. In particular, lowperforming herds tended to cull females because they had reproductive problems such as no estrus or conception failure. Therefore, accurate recording is necessary to diagnose a problem and improve herd performance.
Finally, the herds that participated in the present study were not randomly chosen from all commercial herds in Japan, and also herd health, genetics, and nutrition were not taken into account in the analysis. However, even with such limitations, the present study provides practicing veterinarians and producers with valuable information about culling management in commercial herds that can help ensure appropriate culling guideline and practices.
In conclusion, culling guidelines or policy for mated sows differed between herd productivity groups, but culling guidelines for mated sows were not strictly followed in any herd group in these Japanese commercial herds. Therefore, especially for low-performing herds, it is recommended that culling policy be implemented and adhered to strictly to reduce culling intervals in mated gilts and sows and improve herd productivity.
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